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TIME COURSE OF TALKER ADAPTATION 
RITA SIO NGA KOU 
ABSTRACT 
 Despite the ambiguous many-to-many mapping between acoustic signals and 
target phonemes, human listeners quickly overcome and adapt to inconsistencies during 
speech perception. However, the processing cost of speech perception increases when a 
change of the talker occurs and preceding context speech was found to reduce the 
processing cost. The magnitude of the response time difference between the single- and 
mixed-talker condition is called the interference effect. The literature indicates that that 
the interference effect is reduced by increasing length of speech context preceding target 
speech, but the quantity of the information embedded in that speech context does not 
further impact processing cost. In this study, we further explored the relationship between 
the duration of the preceding speech context and its facilitative effect in talker adaptation. 
The results indicated that even though response times were always shorter in the single-
talker condition than the mixed-talker condition, the facilitative effect of preceding 
context speech became constant for durations longer than beyond 600ms, rather than 
eventually eliminating the interference effect at some carrier phrase of sufficient duration. 
Therefore, wo mechanisms are proposed to subserve talker adaptation: : a feed-forward, 
extrinsic process that reduces the interference effect by integrating prior speech context 
of up to 600ms, and a top-down, intrinsic process that unfolds over longer timescales by 
allocating cognitive resources to cope with potential talker variability, leading to a global 
processing time increase.    
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Despite the ambiguous many-to-many mapping between acoustic signals and target 
phonemes, human listeners overcome these inconsistencies and adapt to varied talkers 
quickly during speech perception. Even though listeners have high accuracy and efficiency 
at perceiving speech, the processing cost of speech perception is higher when a change of 
the talker occurs (Johnson, 1990; Mullennix & Pisoni, 1990; Green, Tomiak, & Kuhl, 
1997; Magnuson & Nusbaum, 1993, 1994) and the magnitude of the response time 
difference between the single- and mixed-talker condition is called the interference effect 
(Choi, Hu, & Perrachione, 2018). Moreover, this interference effect has been found to be 
reduced when there was speech context preceding the target speech (Morton, Sommers & 
Lulich, 2015, Choi & Perrachione, 2019a). Interestingly, while increasing the length of the 
speech context facilitated adaption and decreased the interference effect, the quantity of 
the phonetic information embedded in the speech context (i.e., its acoustic-phonetic 
complexity) did not further impact the processing time of the target speech. In order to 
better understand how preceding context speech facilitates speech perception, in this thesis 
we are interested in parametrically exploring the effect of the duration of the preceding 
carrier phrase on the speech processing efficiency gains afforded by talker adaptation.  
The invariance problem in speech perception refers to the lack of one-to-one 
correspondence between acoustic signals and phonemes, meaning that listeners must 
accommodate both instant-to-instant and, more variably, talker-to-talker differences in 




1997). This many-to-many correspondence is the result of individual differences in 
anatomy (e.g., vocal tract), behavior (e.g., speech mannerisms), and dialect (e.g., vowel 
shifts and mergers; Johnson et al., 1990). Nevertheless, these potential ambiguities in 
speech perception typically do not seem to cause much confusion for listeners, as listeners 
appear to be able to easily understand different people. An important question in speech 
science, therefore, is what are the cognitive, perceptual, and neural computations 
underlying such efficient speech perception in the face of this robust acoustic-phonetic 
variation.  
Episodic theories (Goldinger, 1998; Pisoni, 1997) have been used to explain the 
process of talker adaptation. These theories are motivated by the following two sets of 
results: (i) The indexical (i.e., talker identity) and phonetic properties of speech are 
inseparable during speech processing, leading to a perceptual contingency between the two 
properties (Nygaard & Pisoni, 1998). Rather than actively learning about the interaction 
between the linguistic and indexical characteristics during a change of talker, it was 
suggested that the integrated information is encoded in long-term memory in a nonanalytic 
fashion. (ii) The “nonlinguistic” talker characteristics (e.g., phonetic context, talker 
differences, speaking rate) affect the memory for, and the processing, of perceived words. 
Goldinger (1998) proposed that all surface details of words are preserved in word-length 
episodes in memory during word perception, creating clusters of episodes; hence, newly 
encountered speech is always compared to the previously established memory traces, 
thereby allowing both context-dependent and context-independent speech and word 




of linguistic and talker information into unified long-term memory traces.  
In contrast, Magnuson & Nusbaum (2007) argued that the episodic theories lacks 
evidence to prove its application in a realistic analogue of speech and speech variability. 
Alternatively, they proposed an active control mechanism to account for the non-
determinism in speech perception, where understanding phonetic constancy may involve 
additional cognitive and active processes. n their study, listeners were given the expectation 
that they would hear speech from either one or two talkers. Although the stimuli were 
exactly the same in both conditions (two different talkers who were nonetheless highly 
phonetically similar and therefore hard to distinguish), the interference effect became 
greater when the listeners were given the expectation to hear from two talkers. Based on 
the episodic theories, however, the results should have been the same in both conditions. 
Hence, these expectation-based results indicated that the episodic process could not fully 
explain the mechanisms underlying adaptation to talker variability in speech perception. It 
was suggested instead that listeners must deploy additional cognitive resources to assist 
with processing potential variability, reflecting top-down, intrinsic processing of speech 
variability. In a related neuroimaging study, neural activation to mixed vs. single talkers 
was observed in areas related to attentional processing in addition to areas traditionally 
related to speech processing (Wong et al., 2004). Moreover, this neuroimaging study also 
provided counter evidence on the episodic theories, as no activations was seen in 
hippocampus or frontal cortical areas related to episodic encoding and memory. A 
cognitive, active control mechanism provides us with a mechanism for intrinsic processing 




adaptation in the face of expected variability.  
In addition to the behavioral studies (Nusbaum & Morin, 1992; Choi & 
Perrachione, 2019a) mentioned above, several other neuroimaging studies have also 
investigated the brain bases of talker adaptation, finding greater brain activation to be 
associated with talker change (Wong, Nusbaum & Small, 2004; Zhang et al., 2016; 
Perrachione et al., 2016). Greater brain activation in the superior temporal areas reflects 
the additional physiological costs and longer processing time incurred when listening to 
multiple talkers instead of a single talker. In Zhang et al.’s study, a speech recognition task 
was done simultaneously with a fMRI study. The results not only confirmed previous 
findings of decreased accuracy and increased response time with talker change, it also 
showed increased brain activation in the superior temporal gyrus bilaterally when the 
talkers changed.  
However, in typical conversations, even those involving multiple interlocutors, 
listeners tend to hear speech from one person at a time. Correspondingly, when words are 
preceded by a brief speech context from the same talker, such as during a full sentence, the 
magnitude of the mixed-talker interference effect became smaller (Morton, Sommers & 
Lulich, 2015; Choi & Perrachione, 2019a). Furthermore, the length of the preceding speech 
is an important factor in the adaption to each talker. In Choi and Perrachione’s (2019a) 
study, listeners were presented with target words preceded by no carrier phrase, a short 
carrier phrase (i.e., “it’s a…; approximately 300ms in duration) or a long carrier phrase 




speech increased, the interference effect of mixed talkers decreased, demonstrating a 
facilitative effect of preceding speech context in a mixed-talker condition. However, the 
same study revealed that the quantity of talker-specific phonetic information contained in 
the preceding speech does not appear to make any difference in speech processing 
efficiency. The participants were presented a high-information carrier phrase “I owe you 
a…,” and a low-information, duration-matched sustained “a…” There was no significant 
difference in the interference effect between both conditions indicating that more phonemic 
information about the talker in the carrier phrases does not differentially affect talker 
adaptation.  
The present study aims to better understand the time course of adaptation in speech 
perception when identifying words in the context of preceding speech. As a previous study 
has suggested that while the length of preceding speech impacts speech processing, while 
the amount of phonetic information in the preceding speech does not (Choi& Perrachione, 
2019a), this experiment used varied lengths of the simple speech carrier “uh” preceding 
target words in single-talker and mixed-talker conditions. The goal of this experiment was 
to study, firstly, the relationship between the duration of preceding context and the 
facilitation of listeners’ response times for word identification. Secondly, we were 
interested in determining what length of preceding context is sufficient to eliminate the 
interference effect of mixed talkers, meaning no response time difference between the 
single-talker and mixed-talker conditions. If the interference effect was not eliminated, we 
were interested in how the response times may differ between the single- and mixed- talker 




preceding context and how the brain utilizes this resource.  
METHODS 
Participants 
Native speakers of American English (N = 24; 20 female, 4 male; age 18–22, mean 
= 19.8 years) participated in this study. Participants were recruited through advertisements 
posted on the Boston University campus. Additional participants were recruited for the 
study but were excluded because they had accuracy below 90% in any of the 12 blocks (n 
= 7). All participants self-reported typical speech, language and hearing. They neither had 
any prior exposure to the talkers who recorded the stimuli (refer to the stimuli section), nor 
participated in any prior talker adaptation experiment in the Perrachione lab. Participants 
gave informed, written consent overseen by the Institutional Review Board at Boston 
University.  
Stimuli 
Stimuli consist of two naturally spoken English words, “boot” and “boat”, which 
are a minimal pair that share the same onset and coda (/b/ and /t/), but vary in vowels (/u/ 
and /o/). While the /u/-/o/ distinction is phonemic in English, differences in talkers’ vocal 
tracts and accents lead to substantial overlap in the acoustic distribution of these sounds. 
Therefore, the acoustic-phonemic ambiguity across talkers (Hillenbrand et al., 1995) 
imposes substantial processing costs when listening to speech from multiple talkers vs. a 




were recorded from four male and four female native speakers of American English. They 
will be referred to as “the talkers” in this study. Recordings were made in a sound 
attenuated booth with a Shure MX153 headset microphone. The talkers said the words 
“boot” and “boat”. In addition to the minimal pair, they also recorded a carrier phrase “uh” 
in the context of “a boot” and “a boat”. The carrier phrase was resynthesized to different 
durations, 300, 600, 900, 1200, and 1500ms using the pitch- synchronous overlap and add 
algorithm (Figure 1; Moulines & Charpentier, 1990) implemented in the software Praat 
(Boersma, 2001). Carrier phrases of various lengths were prepended to the target words in 
Praat. The combination of a carrier phrase and a target word was considered a test item 
(e.g., “uh (300ms) boat”). For the no-carrier condition, the target word was a test item by 
itself without any carrier. Each part of the stimuli (carrier and target word) was normalized 
individually for RMS amplitude to 65 dB SPL in Praat (Boersma, 2011) prior to combining 
them.  
Procedure 
Participants performed a word recognition task and listened to the stimuli preceded 
by carrier phrases in varied durations. Stimuli were presented in 12 blocks, parametrically 
varying talker variability (single- and mixed-talker) and carrier duration (0, 300, 600, 900, 
1200, 1500ms). Each block consisted of 48 trials, with each target word (“boot” or “boat”) 
presented 24 times in a pseudo-randomized order, with the restriction that each target word 
was presented in no more than three consecutive trials (Figure 2).  




stimuli from one talker’s voice in a row. Stimuli from one talker with the corresponding 
length of preceding carrier phrase were consistently presented in one block. No participant 
heard the same talker in more than one block in the single-talker condition (e.g., if Talker 
1 was heard in the 300ms condition, Talker 1 would not be heard in any other blocks with 
the single-talker condition). In the other six blocks under the mixed-talker condition, 
participants listened to stimuli with the same length of preceding carrier phrase from all 
eight talkers in a randomized order with the restriction that the same talker was not 
presented on two trials in a row.  
Participants were seated in a sound booth and written instructions assigning a 
number to the two target words (e.g., “boot=1; boat=2”) were shown to participants 
throughout the experiment. Participants were instructed to decide as quickly and accurately 
as possible if the word they heard was “boat” or “boot” by hitting the corresponding key 
on a number pad. Trials were presented at a rate of one per 2750ms on average (including 
a 1500ms inter-trial interval (ITI) between every trial). Stimulus delivery was controlled 
using PsychoPy v.1.8.1 (Peirce, 2007). The order of blocks was counterbalanced across 





Figure 1. Stimuli. Acoustic waveforms (left) and spectrograms (right) of example stimuli 
using the word “boot” with (A) no carrier; (B) a 300ms carrier; (C) a 600ms carrier; (D) a 
900ms carrier; (E) a 1200ms carrier; and (F) a 1500ms carrier.  
 
Data Analysis 
Accuracy and response time data were analyzed for each participant. Accuracy was 
calculated as the number of correct trials out of the total number of trials (576 trials). 
Response time was measured from the onset of the target words. Only the response times 




more closely approximate a normal distribution. Outlier trials with response times beyond 
three standard deviations from each participant’s mean of each condition were excluded 
from the analysis.  
Data were analyzed in R (v3.2.1) using linear mixed-effects models implemented 
in the package lme4 (v1.1.6). The current focus of the study was to assess listeners’ overall 
response times for word identification in the single- and mixed-talker conditions, the 
facilitative effect of different lengths of the carrier phrase, and whether the interference 
effect (i.e., mixed-talker vs. single-talker) varied as a function of the length of the carrier 
phrase. To this end, fixed factors in this analysis included indexical variability (single-
talker, mixed-talker) and the length of preceding carrier phrase (0, 300, 600, 900, 1200, 
1500ms). The model also contained random effects terms for within-participant slopes for 
indexical variability and the length of the carrier phrases and random intercepts for 
participants (Barr et al., 2013). Significance of main effects and interactions was 
determined by adopting significance criterion of α = 0.05, with p-values in the mixed-





Figure 2. Task Design. Participants performed a word recognition task while listening to 
target words under the single-talker condition or the mixed-talker condition. They listened 
to 12 blocks with 48 trials in each condition. Examples of the blocks in both conditions are 
shown and each color represents a talker.  
RESULTS 
Across conditions, participants’ word identification accuracy was at ceiling (mean 
= 99% ± 1.9%). Thus, the primary dependent measure in this study was always response 
time, consistent with the literature using speeded classification paradigms in speech 
research (Mullennix & Pisoni, 1990; Tomiak et al., 1991; Green et al., 1997; Nusbaum & 
Magnuson, 1997; Choi, Hu, & Perrachione, 2018; Choi & Perrachione, 2019a). 
Effect of talker variability 
 A type-III analysis of variance (ANOVA) on the linear mixed effects model 




p ≪ 0.0001), such that the overall response times in the mixed-talker condition were slower 
than the single-talker condition (Figure 3A). Post-hoc pairwise testing (difference of least- 
square means) revealed that response times in the mixed-talker condition were slower than 
in the single-talker condition for all carrier durations (Table 1). 
 
Effect of duration of preceding carrier phrase 
The average response times across the various durations of the preceding carrier 
phrase are shown in Table 2. There was no main effect of carrier (F(5, 23) = 1.10; p = 
0.39), revealing that the duration of carrier did not affect the overall response time. 
Table 2: Results of Response Time in Different Conditions. Mean ± s.d. response time 
(ms) in each condition 





























Difference 77.8 65.77 35.12 33.31 43.6 42.27 
Table 1: Results of Post-hoc Pairwise Testing. Post-hoc pairwise testing between 
single- and mixed-talker conditions for different lengths of carrier phrase (ms). 
 β s.e. t P 
0 0.115 0.011 10.403 < 0.005 
300 0.089 0.011 8.002 ≪ 0.0001 
600 0.047 0.011 4.220 ≪ 0.0001 
900 0.051 0.011 4.621 ≪ 0.0001 
1200 0.058 0.011 5.270 ≪ 0.0001 





Figure 3: Results for Experiment. Effects of carrier duration and talker variability on 
response time. (A) Average response time to various carrier lengths in the single-talker 
condition (blue) and mixed-talker condition (red). (B) The interference effect (normalized 
response time differences between single- and mixed-talker conditions) by carrier duration. 
The differences between no carrier and a 300-ms carrier, and between a 300-ms carrier and 
600-ms carrier were significant, but longer carriers did not further reduce the interference 
effect.  
Talker variability × carrier interaction 
There was a significant talker variability × carrier interaction (F(5, 13084) = 
10.081; p ≪ 0.0001). Post-hoc pairwise tests (contrasts of successive differences between 
levels of factors in the linear model) revealed that the effect of talker variability was 
significantly different between no-carrier and 300ms (β = -0.133, s.e. = 0.006, t = -2.251, 
p < 0.05) and between 300ms and 600ms (β = -0.021, s.e. = 0.006, t = -3.559, p ≪ 0.0001). 
However, there was no significant interaction between talker variability and carrier 
duration for 600ms vs 900ms (β = 0.002, s.e. = 0.006, t = 0.373, p = 0.709), 900ms vs 
1200ms (β = 0.004, s.e. = 0.006, t = 0.616, p = 0.538), or 1200ms vs 1500ms (β = 0.001, 
s.e. = 0.006, t = 0.249, p = 0.803).  Overall the interference effect decreased from no carrier 
to 300ms and from 300ms to 600ms carrier, but did not significantly change as the duration 






This is the first study to parametrically explore the interaction between the duration 
of a preceding carrier phrase and talker adaptation. Our results indicated that the response 
time is always shorter in the single talker condition than the mixed talker condition. In 
contrast to our hypotheses, the results demonstrated that longer and longer carrier phrase 
lengths do not further facilitate talker adaptation and decrease the interference effect (Choi 
& Perrachione, 2019a). We did not find any carrier duration that eliminated the interference 
effect; rather, the interference effect became stable across conditions with carriers of 600ms 
to 1500ms (the longest tested). This finding reveals that the maximal contribution of 
extrinsic processing to talker adaptation is achieved after 600ms of preceding speech 
context.  
In Choi & Perrachione (2019a), the facilitative effect of carrier phrases was shown 
to be associated with activity in the left superior temporal lobe. In the condition with carrier 
phrases (approximately 600ms), the difference in response times between single- and 
mixed-talker conditions became greater when the left superior temporal lobe area was 
disrupted by electrical stimulation, whereas the difference in response times in the 
condition with isolated words was unaffected by electrical stimulation. Based on this study, 
we may conclude that the extrinsic processing that drove the talker adaptation from 0ms to 
600ms in this study was subserved, at least in part, by left superior temporal lobe. 
Interestingly, the interference effect remained relative constant between 600ms to 




mixed talker condition was always slower than the single talker condition; thus, we have 
reason to believe that there must be some other processing mechanism, such an active 
control mechanism (Magnuson & Nusbaum, 2007), appears as talker adaptation over 
longer time scales. Why should single-talker speech be processed more quickly that mixed 
talker speech, even after the maximal benefit from the preceding context has been reached? 
It seems to be the case that, in a mixed-talker setting, a certain amount of cognitive 
resources is always set aside for processing talker variability, making them unavailable for 
speech processing and leading to a global slowdown in mixed-talker conditions, even those 
with long carrier phrases supporting extrinsic normalization.  
Therefore, the finding suggests that there are at least two mechanisms for 
processing talker variability in speech signals: one that integrates preceding speech 
information on the order of up to approximately 600ms, and one that operates over much 
longer timescales, such as the overall response time difference that always exists between 
single- and mixed-talker blocks. While the facilitative effect of extrinsic normalization via 
a carrier phrase of up to 600ms was found to be supported by the left superior temporal 
lobe (Choi & Perrachione, 2019b), the intrinsic mechanisms responsible for efficiency 
differences between single- and mixed-talker speech over longer timescales may yet reside 
elsewhere, such as superior parietal lobe (Wong, et al., 2004; Magnuson & Nusbaum, 





Our findings reveal that participants are always more efficient in a single talker 
condition and that preceding carrier phrases are effective at reducing the processing costs 
in mixed-talker conditions. Not only does this finding contribute to our understanding of 
the underpinning mechanism of speech perception and talker adaptability, but it also has 
important clinical implications. Our finding suggests a two-way talker adaptation 
mechanism, where an intrinsic processing mechanism appeared to operate constantly on a 
long timescale (beyond the 1500ms tested), resulting in an overall reduced processing 
speed in mixed-talker speech perception. This brought us some preliminary insight of some 
possible effective strategies to support the population with more vulnerable or reduced 
cognitive resources. Specifically, when interacting with children with attention deficits 
(e.g., ADHD), dyslexia, or hearing loss, limiting the change of talkers may reduce cognitive 
burden and increase the efficiency on speech processing. If change of talkers is inevitable, 
it may be important to provide vulnerable clients with additional processing time and 
possibly with inputs in multiple modalities.  
Limitations & Future Direction 
In this study, participants only listened to each talker once in the single-talker 
condition, where we collected useful data regarding the listeners respond time across 
different conditions and durations of the carrier phrase. However, this design has limited 
us to further explore additional information regarding talker characteristics and listener 
characteristics related to talker adaptability. Future study should present each participant 




more robust data to compare how different talkers may affect different listeners’ response 
time and, relatedly what listeners’ characteristics may lead them to respond to the same 
talker differently.  
Furthermore, this study only used “boot” and “boat”, a minimal pair that requires 
relatively high processing cost, as our target words. To extend the generalizability of the 
findings, future study should also include more stimuli with a larger variety of phonemes. 
It would be interested to explore if (i) high contrast vowels (e.g., /i/-/o/), (ii) different 
consonants (other than /b/, /t/), or (iii) an increased number of target words (i.e., five words 
instead of two words) may impact the effectiveness and how the brain employ of the 
intrinsic and extrinsic mechanisms of talker adaptability with preceding context speech.  
Additionally, the preceding context speech used in this study (i.e., “uh”) should not 
affect the effectiveness of the talker adaption with respect to the amount of information 
provided (Choi & Perrachione, 2019b). However, in terms of naturalness, this carrier 
phrase is unlike a more ecological context of connected, fluent, contentful speech. This is 
especially true in the conditions with prolonged durations (e.g., 1500ms), which are 
particularly uncommon in daily conversations. Relatedly, the durations of the carrier phrase 
were resynthesized, so it may also contribute to the reduced naturalness for the carrier 
phrase. As the literature has not looked into how naturalness may affect talker adaptation, 
future study should also use real words as carrier phrases. A possible way to control of the 
length of the carrier phrase may be adding semantic attributes (e.g., this is a hat, this a big 




In this study, self-reported typical speech, language, and hearing serves as an 
inclusion criterion. While this criterion serves the goal of this study, it would be important 
to explore how this finding may apply to the population with communication and/ or 
hearing impairments. It would be interested to see if how the facilitative effect may be 
affected in people with communication disorder (e.g., dyslexia, receptive language 
disorder) or hearing impairments. Therefore, as a future direction, research in speech 
perception and talker adaptation should also include people with atypical speech, language 
and hearing.  
The results of this study showed that listeners always have quicker response times 
to a single talker compared to mixed talkers. Increasing the length of a carrier phrase 
facilitated talker adaptation for carrier phrase lengths from 0ms to 600ms, but longer carrier 
phrases did not continue this trend. Therefore, talker adaptation appears to depend on at 
least two distinct mechanisms, where a feed-forward, extrinsic mechanism contributes to 
talker adaptation from preceding contexts on the order of 600ms, and a top-down, intrinsic 
mechanism operates on a longer timescale to allocate cognitive resources to adapt to 
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